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Abstract: Metabolic disorders such as obesity, insulin resistance, hypertension and
dyslipidemia increase the risk of cardiovascular diseases as well as cognitive and psychosomatic
disorders. With the increasing proportion of the elderly population, age-related cognitive decline,
defined as a gradual decline in cognitive abilities during the aging process, has emerged as an
important public health problem. Genetic determinants of cognitive and psychosomatic disorders in
individuals with metabolic syndrome include a large number of genes involved in the regulation of
inflammation, metabolism, neuroplasticity and stress. Studies confirm that cognitive impairment in
the elderly population is mostly associated with various factors such as environment, lifestyle, metal
exposure, some genetic polymorphisms and diseases. The influence of genetic factors in the
mechanism of development of cognitive and psychosomatic disorders in metabolic syndrome may
help to understand the underlying mechanisms of the disease by identifying genetic biomarkers that
indicate susceptibility to the disease. It will also provide the opportunity to select patients for
monitoring and follow-up of treatment progress. It may therefore help address the challenges of
early diagnosis, screening and prognosis assessment in patients with cognitive impairment with
metabolic syndrome.
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MeTa0o0u3MIiK CHHAPOM Ke3iH/1eri KOTHUTHBTIK 7K9He NMCUX0COMATUKAJIBIK
0Y3bLIBICTAPABIH I'eH MOJUMOP(PU3MIEPAiH poJii
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Kosxa Axmer Slcaym aTbiHIarbl XallbIKapaiblK Ka3aK-TYpiK YHUBEpcUTETI, TypKiCTaH K.,
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Anparna: CeMi3lliK, WHCYJIMHIE TO3IMAUIK, THINEPTOHHUS MKOHE TUCITHIUACMHS CHSKTBI
MeTa0O0JM3MIIK OY3bUIBICTAp JKYPEK-KaH TaMbIPJIapbl aypyJapbIiHbIH, COH/IAl-aK KOTHUTHUBTIK KOHE
MICUXOCOMATHUKAJIBIK OY3bLIYJIApJbIH KayIiH apTThipajbl. Erie jkacTarbl TYpPFBIHAAPIBIH YJIEeC
caJMarbIHBIH apTyblHa OalaHBICTHI, KapTal0 IIPOIeCi Ke3iHJe KOTHMTHBTIK KaOLICTTEepIiH
OIpTIHIEN TOMEHJIEYl PEeTiHJIe aHBIKTAJIFaH ’kKacKa OaillaHBICThl KOTHUTUBTIK KYJIJBIPAY MaHbBI3/IbI
KOFaMJIBIK JIEHCAYNBIK CaKTay MpoOieMacsl peTiHe naina 0oyasl. MeTabonu3smMaik CHHAPOMBI Oap
ajaMJap/arbl  KOTHUTHUBTIK ~ JKOHE  TCHXOCOMATUKANBIK  OY3BUIBICTAPIBIH  T'€HETHKAJBIK
JeTepPMUHAHTTAphl KAOBIHYABI, METaOOIM3MAl, HEWPOIJIAaCTHUKAaHbl KOHE CTPECCTI perTeyre
KAaTbICATBIH TEHJIEPiH YJIKEH CaHbIH KAaMTHIBL. 3epTTeyjiep erjae >KacTarbl MOMYJSIUsIaFbl
KOTHUTHUBTIK OY3bUIBICTap KoOiHece KOopIIaraH oOpTa, OMIp CalThl, METala ocepiepi, Keioip
TEeHETUKAIIBIK TOTUMOP(hU3MIED CHUSKTBI OpTYpii (akTopiapMeH OalIaHBICTHI €KEHIH pacTailfbl.
Metabomu3MaiKk CHUHAPOMBI Oap agamaapAarbl KOTHUTHBTIK JKOHE  IICHXOCOMATHKAIBIK
Oy3bUTBICTAPBIH J1aMy MEXaHHM3MiHE TE€HETHKaIbIK (aKTOpJapIblH ocepi aypyra OeliMIulirid
KOPCETETIH TeHETUKAIBIK OMOMapKepiepiAl aHbIKTay apKbUIbI aypyAblH HETI3rT MeXaHU3MAEPIH
Tycinyre kemekrecei. On conaaii-ak emyiey 6apbIChIH OaKplIay JKoHe OaKpliaay YIUIiH MalueHTTepl
Tagaay MYMKIHAIriH Oepeni. COHIBIKTaH O METAa0OMU3MIIK CHHIPOMBI 0ap agamaapaarsl
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KOTHUTHUBTIK Oy3bUIBICTap/Ibl aHBIKTAY HAayKacTap/a epTe AUarHOCTUKA, CKPHHUHT JKoHE OOJKaMIbI
Oarayay MocemelepiH Menyre KOMEeKTeCeIi.

Tyiiin  ce3nmep: MeTabonuKadbIK CHHIPOM, KOTHHUTHBTIK  OY3bUIBICTAp, TeHIIK
oMo pQu3MIEp, ICHXOCOMATUKAIBIK OY3bLIBICTAD

Poanb HOJIHMOp(l)I/I3Ma reHOB B MeTa00JIHYECKOM CHHAPOME, KOTHUTUBHBIX U
MNCUXO0COMATHICCKHUX paCCTpOﬁCTBaX
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AHHOTaALUA: Mertabonuueckue HapyIICHUs, TaKue Kak 0XKUPEHUE,
MHCYJIUHOPE3UCTEHTHOCTh, TUNEPTOHUS U JAUCIUNMAEMHUS, YBEJIMYMBAIOT PHUCK CEPAECYHO-
COCYAMCTHIX 3a0o0jeBaHMIl, a TakXke KOTHUTUBHBIX M IICHXOCOMAaTHYeCKUX paccTpoictB. C
YBEJIMUYEHUEM JIOJIM TIOKUJIOTO HACETIEHMs BO3PACTHOE KOTHUTUBHOE CHU)KEHHE, OTIPEIeNiieMOe Kak
MIOCTETIEHHOE CHM)KEHHE KOTHUTUBHBIX CIIOCOOHOCTEH B IMpPOLIECCE CTAapeHMs, CTajo BaXKHOU
mpo0eMoit OOIIECTBEHHOIO 37paBOOXpaHeHus. ['eHeTnyeckue NeTepMUHAHThl KOTHUTHUBHBIX U
MICUXOCOMATUYECKUX PACCTPOICTB Yy JIMIl ¢ METabOJIMYECKUM CHHIPOMOM BKJIHOYAIOT OOJIbIIOE
KOJIMYECTBO T'€HOB, YYaCTBYIOIIMX B PEryNIALIUU BOCHAICHUS], METa00IM3Ma, HEHPOIUIACTUYHOCTH U
ctpecca. MccrnenoBanusi MOATBEP)KIAIOT, YTO KOTHUTUBHBIE HApyUIEHUS y TMOXWIBIX JIIOJEH B
OCHOBHOM CBSI3aHBl C Pa3IUYHbIMHU (aKTOpamH, TAaKUMHU KaK OKpy)Karollas cpena, o0pa3 >KHU3HH,
BO3JICHICTBUE METAJJIOB, HEKOTOpbIE TE€HEeTHYeckue MnoauMopdusMbl U 3aboneBaHus. BrusHue
reHeTUYeCKuX (aKTOPOB Ha MEXAaHM3M pAa3BUTUS KOTHUTHUBHBIX M IICHUXOCOMAaTHYECKUX
paccTpoiicTB Mpu MeTabOJIMYECKOM CHHIPOME MOXET MOMOYb IOHSATh OCHOBHBIE MEXaHHU3MBI
3a00JIeBaHMsI TIyTEM BBIABJICHUS TIE€HETUYECKUX OMOMAapKepoB, KOTOpbIE YKa3bIBalOT Ha
BOCIIPUMMYHUBOCTh K 3a00J€BaHUIO. DTO TakKe JacT BO3MOXXHOCTh OTOMpaTh MAIlMEHTOB IS
MOHHUTOPHHIa U HaOJIIOACHUS 3a XOJOM JeueHus. Takum oOpa3om, 3TO MOXKET MMOMOYb PELIUTh
npoOieMbl paHHEW NUAarHOCTHKH, CKPUHUHTA M OLEHKU MPOTHO3a y MallMeHTOB C KOTHUTUBHBIMU
HapYIICHUSIMH NPU META0OINYECKOM CUHIPOME.

KiroueBbie ciaoBa:  MeTaboJWYecKHidi  CHHIPOM, KOTHHUTHUBHBIE  PAacCTPOMCTRBA,
MOJIMMOP(PU3MBI TEHOB, TICHXOCOMAaTUYECKHE PacCTPOIiCTBa

Introduction

Metabolic syndrome (MS) is one of the most pressing problems of modern medicine. MS is
one of the most urgent problems of modern medicine. Cognitive dysfunction in MS is not only a
medical but also a social problem of our time [1]. medical, but also social problem of our time,
since impaired thinking processes significantly reduce the quality of life of patients, and in case of
prolonged course leads to the development of dementia and complete social maladaptation.
Identification of causes and mechanisms of development of cognitive dysfunction in patients with
MS can be the basis for the development of pathogenetically grounded pathogenesis of cognitive
dysfunction in patients with MS [2]. pathogenetically grounded methods of prevention and
correction of mnesticco dysfunction in MS patients and correction of mnestic-intellectual disorders.
MS plays a significant role in accelerating the development and progression of cardiovascular
disease associated with atherosclerosis. One of the important target organs in MS is the brain. It is
known that the risk of brain strokes in persons with MS is 6-7 times higher than in the general
population [3]. Metabolic disorders including obesity, insulin resistance, hypertension and
dyslipidemia increase the risk of cardiovascular disease as well as cognitive and psychosomatic
disorders. Genetic factors play an important role in the pathogenesis of these conditions. The most
studied cognitive functions in metabolic syndrome are attention, memory, and executive functions.



Because attention prepares the ground for higher-level cognitive processes, attention impairments
limit the success of many cognitive functions [4]. With increasing age, the risk of cognitive
impairment gradually increases as the organs and functions of the body gradually deteriorate, the
functional structure of the brain atrophies, and cognitive function also gradually declines. As a
person ages, the quality of cognitive function becomes an increasingly important topic. Studies have
confirmed that cognitive impairment in the elderly population is mainly related to various factors
such as environment, lifestyle, metal exposure, some genetic polymorphisms and diseases.
According to the results of numerous large independent epidemiological studies, an increase in
systolic blood pressure in middle age statistically significantly increases the risk of developing
cognitive impairment after 60 years. If a patient has several vascular diseases, the risk of developing
cognitive impairment increases [12].

Genetic polymorphisms associated with one-carbon metabolism disorders may be a risk
factor not only for somatic and neurological diseases, but also for psychosomatic disorders. A
genome-wide association study has identified many single-nucleotide polymorphisms (SNPs) of
genes involved in the regulation of energy processes, as well as their association with obesity, high
body mass index, and the risk of developing cognitive impairment [13]. In the development of
cognitive disorders in patients with metabolic syndrome, the contribution of genetic factors to the
development of cognitive dysfunction is discussed in the literature.

The aim of this literature review was to review the current evidence on neurologic and
genetic biomarkers contributing to the development of cognitive impairment in metabolic syndrome.
Some genetic markers of cognitive impairment, such as polymorphisms of some genes. Scopus,
PubMed, Google Scholar and Web of Science, the main and most well-known information
databases of biomedical literature, will be used to prepare the review. The review includes highly
cited English language publications between 2020 and 2025. The following gene polymorphisms
were studied as part of the performed molecular genetic study: ApoE, FTO and MC4R genes.

ApoE gene

Genetic polymorphisms may determine variability in cognitive impairment in patients with
metabolic syndrome [14]. The importance of genetic influences on cognitive impairment has long
been recognized. Genetic association analyses have now identified 709 genes that are significantly
associated with overall cognitive function. Among them, the gene encoding the apolipoprotein
ApoE is located on chromosome 19 and has three isoforms, ApoE 2, ApoE 3, and ApoE 4, which
are expressed by the €2, €3, and ¢4 alleles, respectively. APOE is well recognized for its major role
in cognitive decline in the elderly [5]. ApoE may affect the metabolic deposition of amyloid B (Ap)
peptides, lipid metabolism, inflammatory response and other mechanisms that cause cognitive
impairment in the body through increased toxicity or loss of neuroprotective effects. Zejan et al,
investigated that ApoE loci rs7412, rs7259620 and rs405509 were associated with cognitive
impairment in the elderly [1]. APOE may also affect cognitive abilities in normal aging. According
to the GWAS study of cognitive testing such as memory and perceptual speed, Shilna et al. found
that genome-wide APOE was significantly correlated with age-related cognitive decline [6]. The
effect of APOE-¢ 4 carrier status on longitudinal cognitive decline in Parkinson's disease was
investigated in the CamPalGN cohort ( n=107) over 5 years from diagnosis, and no evidence of
association with the rate of change in MMSE scores, age-related cognitive decline, or incidence of
dementia was found [8]. Various studies have shown the influence Apo-g4 for memory, information
transfer speed and on other aspects of cognitive functions. Some researchers did not note
demographic data such as gender and age on the association between ApoE polymorphism and
cognitive impairment. One prospective cohort study by Christine Jaffe of 1750 women aged 65
years and older found that ApoE E &4 was associated with cognitive decline in community-dwelling,
non-demented women [19].



FTO gene

The FTO gene is expressed in various tissues: liver, muscle tissue, adipocytes, pancreatic 3-
cells, but to a greater extent in the hypothalamus. FTO plays an important role in regulating energy
homeostasis, body weight and food intake [19]. The most studied SNP of the FTO gene is
rs9939609, in which either thiamine (T) or adenine (A) can be present in the first intron of the gene
(chromosome 16, position 53820527) [15]. The relationship between FTO gene SNP and T2DM
was first demonstrated in 2007 in a GWAS study. It was later found that this relationship is realized
through the effect on BMI. Frayling et al. found that carriers of the A allele of the FTO gene
(rs9939609) had a higher body weight and an increased risk of developing obesity (OR 1.7)
compared with individuals homozygous for the T allele [16]. In addition to the relationship between
the FTO gene and MS, a number of researchers also find an association between FTO and various
components of MS: plasma glucose levels, lipoprotein and triglyceride levels. The authors
emphasize that this relationship was observed in study participants over a long observation period
(from childhood to old age). According to Zhang et al (2023), in a sample of 8364 white and 2083
African American men and women with no clinical history of stroke, a significantly greater mean
change in delayed word recall test performance was associated with 2 of the 4 FTO single
nucleotide polymorphisms examined (rs9939609, rs805136, rs17817449, and rs1421085) in whites
but not in African Americans (p < 0.002). The association of FTO polymorphisms with cognitive
changes was independent of potentially confounding clinical and demographic variables including
age, gender, education, diabetes, hypertension, and body mass index [7]. Saunder's meta-analysis of
over 12,000 participants reported an association between rs9939609 of the FTO gene and the risk of
cognitive impairment [17]. Polymorphism of the FTO gene rs9969309 is associated not only with
AO, but also with other components of MS, such as hyperglycemia and hypertension. Moreover,
carriage of the A-allele of the FTO gene may be associated with the presence of several components
of MS at once [18].

MCA4R gene

Alterations in the gene encoding the melanocortin 4 receptor (MC4R) are the most common
genetic cause of obesity in humans, and obesity itself has been found to be independently associated
with psychosomatic disorders, including depression. A common single nucleotide polymorphism
(SNP) of the rs17782313 gene near MC4R may be significantly associated with increased total
energy intake and dietary fat content. In addition to the association of the MC4R gene with obesity
and the association of the C allele variant of rs17782313 with BMI, studies have found an
association of this gene with depressed mood and compulsive overeating. In a study by Hajmur et
al., it was shown that the interaction of mental stress and energy intake with MC4R minor allele
genotype may increase the risk of obesity in Korean adults [10]. However, since research on the
association between the MC4R gene and depression is very limited and there have been no studies
on the interaction of the MC4R gene with dominant eating patterns and depression, this study was
the first to attempt to examine their interaction. The MC4R polymorphism (rs17782313) shows a
direct association between depressive illness and greater adherence to unhealthy eating behaviors in
individuals with the CC allele of the MC4R gene. The results of this study suggest that the
interaction of MC4R variants between individuals and high UDP intake may play an important role
in the development of depression. The rs17782313 polymorphism near the MC4R gene was also
found to be associated with obesity among European adults. The rs17782313 polymorphism in the
MCA4R gene and its association with obesity were first described in 2008 [11].

Conclusion

Cognitive aging involves multiple complex pathogenesis including genetic and
environmental factors. With an ever-increasing population of older adults, age-related cognitive
decline, which is characterized as the gradual decline of cognitive abilities during aging, has proven
to be a giant public health problem. As genetic information has become increasingly important for
studying the biological mechanisms of cognitive decline, the search for genetic biomarkers of



cognitive aging has attracted much attention. The presented review highlights the main pathways of
cognitive impairment in diabetes mellitus and indicates the genes associated with them. Studying
these genetic predictors may make it possible to predict the development of cognitive and
psychosomatic disorders in patients with MS.

Genetic predictors of cognitive and psychosomatic disorders in individuals with metabolic
syndrome encompass multiple genes involved in the regulation of inflammation, metabolism,
neuroplasticity, and stress. These findings offer prospects for personalized medicine and preventive
strategies that can significantly improve patients' quality of life. Gene polymorphism has complex
effects on physiological and psychological processes, contributing to predisposition to metabolic
syndrome, cognitive and psychosomatic disorders. Studying these interactions opens up prospects
for personalized medicine, including prevention and targeted therapy.

Therefore, it is important to search for genetic markers associated with MS, which will help
to reveal the mechanisms of regulation of neurological disorders associated with cognitive and
psychosomatic disorders, and can help select patients from a high-risk group and assess qualitative
and quantitative changes against the background of different genotypes, which will allow not only
to treat, but also to effectively prevent MS and its complications. Some scientists also believe that
one direction for future research is to use cognitive abilities to assess polygenic risks for predicting
MS in accordance with the feedback hypothesis, according to which people with lower cognitive
abilities are more likely to develop components of MS.
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